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UNrITED STATES PATENT 
2,601,262 
lYIETIOD OF AND APPAIATUS FO/ lVIEAS- 
 U/ING ALIGNlYIENT CHACTEISTICS 
OF FRONT  ANDR, EAYWËELS   :  
Trcy Crrign, Lnsing, Mich. , ssinor to Food 
 Mchinery nd Chécl Govportion,  corpo- 
ration of Delwre ....  . , 

 Application April 3, 
9 Claires. 
This invention relates to the art of checking 
the  a!ignmer/t ofehicle wheels. .... " 
" If is an obj.ect0f this invention to provide a 
novel method of ' and apparatus fo checking 
a.lignment characteristics of dir[gible Vehicle 
wheels. " ........ " ..... 
. 'I:t is an0ther,object of my invention to provide 
a,-novel m.eth,od 'of and apparatus for ,cheCking 
he:alignment / of. non-drigible drive Wheels o: a 
vhicle. -'  '  ' - 
It is another object of my invention to provide 
a rrïethod and apparatus by which the aligment 
chaacteristics Of the four wheels pf a vehicle 
may be checked ina single operation.' 
Itis another object of the invention to pro- 
vide a method of and apparatus forccomplish- 
ing any or all of the ïoregoir£g objects optically 
and indicating thë results so thatthese may be 
seen and readily understood by unskilled per- 
Sons, and prt!ç!larly bY the average automo- 
bile owner. 
The manner of accornplishing the foregoing 
objects, as Well as further objects' and 
rages, will be made manif est in the following de- 
scription taken in connection with the ccom- 
Panying drawings in which: 
Fi-g.. 1 is a perspective view of a preferred em- 
bcdiment of the apparatus of the invention. " 
Fig. 2 is a perspective view of an automobile 
supported on the apparatus shown inFig. 1 and 
in the process .of having the lignment of 
four wheels thereof checked by said apparatus. 
Fig, 3 is a, close-up perspective view of the rear 
left wheel of said automobile whfle the ,align- 
ment thereof is being ch_ecked bY said apparatus. 
Fig. 4 is a vertical 'sectional view throtgh the 
clutch-clamp .of the device peferably employed 
to mourir mrrors on the wheels being tested,  
Fig. 5 is a plan view of the left hand optical 
unit of. the appaxatus of this invention with the 
housing in section to show the internal con- 
structiom 
Fig. 6 is a side elevational view of Fig. 5 with 
the housing in section.   - 
Fig. 7 is an enlarged cross sectional view of 
the film slide of the cha't-projecörof the inven- 
tion taken on the line  of, Fig.5.. : :- 
Fig. 8-is an enlarged longitudinal sectional 
view of the rear beam -mask:adjuster of the 
Véntion and is taken on the line  --Spf Fig. 6. 
Fig. 9 is a front eièvationa.1, View of 0ne of-the 
front ' wheel mirrors of the invenion 
Fig. 10 is a front elevational:view of th e frame 
of said front wheel mirr0r. " " - 
Fig. 11 is a-plan view of said font, wh,eel 
mirror. : " '  
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Fig. 12 is a cross sectional view taken on the 
linei2ï-:ï2 of Fi,g. 1i.. ...... 
Fig. 13  is a Plan View 9 f said front wheel mirror 
frame par£ly broke n- away t0 illustrte the inner 
» construction. 
Fig'. 14 is a plan view of the left rear wheel 
mh, ro of" the'inverition. ' -  
',.Fg..15 is a front elevational view of Fig. 14. 
r" Fig. î6 is a cross sectional view talC on the 
10 liïe 16i6-of Fi. 14... " - ....... 
" :Fi. 17 is a plan diagram of the operation of 
the left hand optical unit of the appratus,  - 
i,,.!_g\ 18 s' a"side elevtional iew 'of Fig. 1. 
Fig. 19'is a plan diagram O f theinvention'being 
15 Ushd o check -thë  alignment- O f the rear wheels 
' of an automobile  in which, said a'lignment-is 
round to be-peffect:.  
 Fig:'2O«is diagram of the left and right drive 
WieelVctïaS Pro'duced by'said apparatus il ,the 
20 check fllustrted:' in-Fi,g: 19-and iridicating perfect 
regr wheet.-alignment. 
j Fig::21 iS a' ptardiagram of the invention being 
employed to check'the alignment of thë di'ive 
wheelS]n which thé differential, housing-is' f0und 
5 to be cockd.: " ....... ' 
Fig. 22 is .a diagram of the left and right drive 
WheeÏ chàrts indicating the condition fllustrated 
in .i 2! .... - 
 :ig: 23 ïs a .pla n digram of the invention being 
30 em.Pl0Yed :%d chëck' the' alignment of the. dri've 
wheelsof- an' automobile in Which the differential 
h0us'in,g is sprung so that the axes of 'rotation of 
the Wheel 0n-each end of this-are out of lign- 
ment-With-(egl other in :hm'izental plane'. 
35 "  Fi. 24 isa diagram of ±.he left and right drive 
wheel charts produced by the inVentionand re- 
Vealing- the Condition iilustrated- in Fig. 23. 
 Fig. 25 is a-rear-elevational diagram of an 
autom0bii:e being, checked and showing the dif- 
40 ferentiar housing sprtmg verticlly so that the 
axes of rotation of the wheels " 0n opp0site ends 
therèof :are out .of alignment with .each other- in 
averieai planë,:- 
.-Fig'.2Ois un enlarged diagram of the left und 
45 right bubble  levels provided on'the-drive wheel 
mirrors.of the appartus of the invention-'as 
these are disposed'.by the condition iïlustrued 
i nFig..25. - .: 
. ig: 27 is  sid e elevational.diagram showing the 
50 paths ,'OI: light:beams employed in, this invention 
 for cleckihg", tte-alignmen of he rear driVe 
Wheéls-6f :a-veiicle.: 
" :igï 28 is a diagrammatic .view illustrating the 
camber chart emplbyed in tte invention. 
55 '-Fig. 29 ,i a'diagrammatc view ilustrating the 
caste'r'C-hart: ëmployed in-the invention as set 
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3 
during the initial cocking of the left front wheel 
of an automobile being checked for caster. 
Fig. 30 is a view similar to Fig. 29 illustrating 
the reading of caster on said caster chart after 
the reverse cocking of said left front wheel. 
Referring specifically to the drawings, the pre- 
ferred embodiment of the apparatus of the in- 
vention is indicated therein by the numeral 30 
and includes two apparatus sections, a left hand 
section 3  and a right hand section 3 I' which are 
reverse duplicates of each other so that a detailed 
disclosure and description of one will suffice for 
both. Only the left hand section is thus dis- 
closed and described. Whatever reference is 
fade to the right hand apparatus section 3 |' will, 
therefore, be fade by using the reference nu- 
merals of corresponding parts in the left hand 
section 3 , with prime attached. 
The two apparatus sections 3 and 3|' are 
mounted on a testing fioor in parallelism as shown 
in perspective in Fig. 1 so that a vehicle tobe 
tested can be diven onto and off of the appa- 
ratus, as shown in Fig. 2, under ifs own power. 
The left hand apparatus section 3 includes a 
wheel track 33 and an approach ramp 34, which 
are supported on legs 35 and a turntable base 36, af 
the front end of the track, which carries a turn- 
table 37 and a front wheel bumper 38. Extend- 
ing between and supported on the turntable bases 
36 and 36' is a double jack beam 39 which sup- 
ports jacks 40 and 40'. 
Formed integral with and extending laterally 
from the turntable base 36 is a horn 45 which 
embodies an optical unit slideway 46 on which 
an optical unit 47 is slideably mounted. 
The slideway 46 is embodied in an upper wall 
of the horn 45. This wall has a central slot 48 
(Fig. 6) on opposite sides of which are provided 
a fiat rail 49 and a double bevel raff 50. Adja- 
cent the slot 48 and formed downwardly from 
the upper wall of horn 45 are a pair of lnternal 
rails 5. The slot 48 and the rafls 49, 50 and 5 
are all horizontal, parallel fo one another, and 
perpendicular to the vehicle wheel track 33. 
The optical unit 47 includes a pedestal 52 which 
is formed as shown in Fig. 6 fo fit the rails 49 
and 50 so that the unit 47 is slideable on these 
rafls. To hold the unit 47 from being accidentally 
dislodged from snug contact with these rails, the 
pedestal 52 has a hold-down rod 53 which extends 
downwardly through the slot 48 and carries a yoke 
54 having rollers 55 which are yieldably held up- 
wardly against the rails 5! by a spring 56 coiled 
about the rod 53 between the yoke 54 and a nut 
57 on the lower end of the rod. 
Provided on the upper end of the pedestal 52 
is a shaft 60 which is gripped by clamps 6 of 
a unit floor 62, thereby supporting this floor on 
shaft 60 so that the floor may be adjusted about 
this shaft if desired. The axis of shaft 60 is 
parallel with rails 49 and 50. Fixed on one end 
of the shaft 60 is an arm 63, the upper end of 
which is provided with a stub-shaft 64, this carry- 
ing on ifs outer end a handle 65 for manipulating 
the unit 47. The lighting circuit of this unit is 
controlled through a switch 66 provided on 
handle 65. 
Mounted on the unit floor 62 are two projectors 
67 and 68. The projector 67 rests directly on the 
fioor and performs the function of projecting a 
chart onto a screen 70 which, for convenience, 
is mounted in a darkened recess 7 provided in 
a screen cabinet 72 (see Fig. 1). 
The projector 67 includes a frame 75 support- 
ing an electric lamp 76, an optical condenser 77, 

a chart slide box 75, and a projecting lens eement 
79 which may be of the type known as "Eastman, 
Model-I-Kodaslide Projector-F3.7-4" Focus." 
As shown in Fig. 7, the slide box 79 provides a 
5 vertical slideway 50 in which a film slide 9 ] hav- 
ing a rack 82 may be slid upward]y or down- 
wardly by engagement of a pinion 63 with this 
rack. The pinion 63 is fixed on a shaft 94, the 
latter being mounted in suitable bearings pro- 
l0 vided on the frame 75 and extending rearwardly 
to terminate in a knurled head 65. Fixed on the 
film slide 5! by screw 95 is an eccentric stop 67 
which engages the slide box 78 when the slide 9] 
is in its downwardmost position. By selecting 
]5 the rotational position by which the stop 97 is 
snugged against the slide 6|, the proper down- 
wardmost position of the latter may be deter- 
mined within a relatively small margin of ad- 
justment. The slide 9! is provided with a camber 
20 chart film 59, a drive wheel chart film 90 and a 
caster chart film 9]. In these films as shown in 
Fig. 7, the representations of the charts are in- 
verted so that they will appear right side up 
when projected. 
25 By manipulation of the knurled head 95, the 
slide 6| may be elevated or depressed in the 
slideway 90 to selechively project onto the screen 
70 a chart image from one of the films 69, 90 or 
9! or to adjust the vertical position of one of 
3o these charts on said screen. 
The projector frame 75 has transverse walls 9 
and 93 which support a telescope 9,, the inner 
end of which has a collar 95 carrying a reflector 
96, the latter having a central aperture 97 
35 throuh which light rays may be omitted rear- 
wardly from the lamP 76 (Fig. 8). 
Also provided on the collar 95 is a fiat spring 
6 bent as shown in Fig. 8 and having a hole 99 
disposed opposite the reflector hole 97 and en- 
40 gaged by a screw 00 for adjusting the position 
of a mask |6| provided on the spring 98 with re- 
spect to the filament |0 of the lamp 76. The 
mask 0| has a cruciform aperture 63 which, 
by manipulation of the screw |60, is adapted to 
45 be disposed coaxially with respect to the tele- 
scope 94 so that a beam of light |65 will be pro- 
jected rearwardly through this aperture a]ons' 
the extended axis of the telescope. Provided on 
the rear end of the telescope 94 is a collar ||9 
0 in which is mounted a prism lens | | | which causes 
the beam |5 to be projected rearwardly as two 
beams 112 and li3 (Fig. 27). 
These beams are disposed in the same vertical 
plane and may be referred to for purposes of dis- 
55 tinguishing them as primary beam 112 and sec- 
ondary beam 13. The primary beam is prefer- 
ably projected horizontally and the beam 13 
inclined upwardly about 2 ° from horizontal (Fig. 
27). 
60 The projecor 69 is mounted on a table |16 
provided on fioor 62 so as fo be located ai a 
higher level than and laterally displaced from 
the projector 67 (Figs. 5, 6, 17 and 18). The 
projector 66 includes a frame |7 in which fs 
65 mounted an electric lamp |8, a reflector ||9, a 
condenser element |26 which is retained in place 
by a spring |2|, and a cross hair beam mask |22. 
The function of the projector 68 is fo project a 
beam of light çhrough the mask |22 which will 
70 ultimately be intercepted by the screen 70 in the 
ïorm of a cross hair image in a manner and for 
a purpose which will be fade clear hereinaïter. 
Fixed on the optical unit fioor 62 is a table 126 
(Figs. 5 and 6) having mounted thereon a mirror 
75 |26, a lens |27 and a mirror |26. Also fixed on 
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the« floorG2..is a ïrame. J29 earry.ing, a reïively 
largemirror 139 nd ]so hying mound there- 
0n ..!O»tor mp i 3 i, . loctor bem msk i 32, 
Rd«..;mirzçr .33. Fixed on .the:oor. 2 .is 
brcket 134 crryg  locr b.em.lens.43S. 
The ppicl ui 4 is sppliçd with electcity 
thrugh uitble conduçtors .(hOt shown) for n- 
eçgçg, the. IÇmDs. « I8, andJ31, on. singée 
c cuit centrol]ed b the switch S 
_.Çit' is,.nclosed by g Sçeble stregmined 
hOUSg= .heving R Iower.«perture  for re- 
ceiying,the,pedesta S2, a front aperture 12 cov- 
ered, b a Wdw 4, and a side aperture . 
OEhe @pparatus secti9n 3{ of .the invention aso 
ine!udes, a: diible wheel mire'or ,SS. Rnd a drive 
wheel: irvor, . 5  which, when :performg, the 
mth0d,0f-the invention, ,a? Sppored on :the 
leït:diigible and.ive wheels resPectielY of a 
vecle, the. alignent characeçistics 0f .which 
are.beg Checked. I prefer-to .employ .ïor .the. 
purpose ï so mom]tg, sÇid mirrors a wheel mit- 
rot. meunt f52, the structureoï which is fulY 
dclosed in the copendg application for. U. S. 
Letters Patent of Herbert G. Holmes, Ser. No. 
614,267, fied September 4,: 1945, on ä WhCÂ 
Mior Iount, now Patent No. 2,45,502, grted 
July 5,1949. 
e.mount 2 includes a pair of parallel s!ide 
bars , 5, adjacent ends of which are fied i a 
cross- member  5 having rira engaging jaw  
anoE ,S . Slidble on the oppbsite ends oï the 
bars 53 is, a clutch clamp : havi a 
e jws [s5 and 5 and f.8have ie ace.s 
Wch lie  a plane Parallel Wth:the[ plane .of.the 
bars-,53 and are adapte d to: be. brought to, bear 
agast the outer edge of a wheel r Such asthe 
r ,9, in Fig. 3. Each f.these jÇws bas a tooth 
,: preïerbly: fQrmed., of.. a hardened screw, 
which, when the jaws. are so positoned, lies out- 
side oï the rira 9. e clutcl S] bas a-ciutch 
mechanism.  2 which may be actuted bF a han- 
dleJ63 .to grip the ,bars, .3. and, upon f,urther 
mo.vement .of ,the handle , shfft the .cluh 
clamp   :wÇrdly onthese bars. 
 The.mechnism  2 includes a hol!ow, body 
wih:which jw. 8 is formed.integral. This 
b0dy,: hRs, vertica!ly spaced, walls ç5 and. . 
t'op.gh ,aligned holes  which the bars  S slide. 
Jonalled, a ,hole . in wall S$ perpendicu- 
lar, to ,the plane of the bars .$ is a cam aft 
 having a noh 9, this,shaft carrying the 
handle :3. Disposed between walls , S and  
havg holes j3O rough which bars 53 nor- 
ma!!y; loose]y. slide, and yieldably held down- 
çly. by springs   , is a. locg dog  2, the 
er cnoE.-$ :of which turns down and bearS 
aglst the shaft 168. opposi the notch 
therein. Normally the dog end  tests  notch 
9. and bars 3 are free., slidethrough holes 
], : Vghen the shaïç 8 is rotated by the han- 
dle3,.:.the dog 2 is first cocked to a grip- 
p,g. relation with bars 53. Further rotion oï 
shaft  thon shifts the clamp  along bars 
S toards the center of the rira , thereby 
embedding the teeth  of jaws , $ and 
in, the-metal of the rira and securing the mount 
 S2.to. said r. 
: .SdeablF mound on the bars 13 between the 
membe :4 and clutch clamp 5 is a. device 
SUPP0rting slide  havg a socket , the bore 
], oï which is, disposed et right angles to the 
plae of the slide bars .S3. The slide  bas 
prng and ball detents ] ..(Fs. 1l and 12) 
which fricti0na!ly.bea agast the slide bars 
and- prenent slde  S. ïrpm. beg accidentally., 

shif£ed, ïrom. ,a position: ,in .,w.hich, it,,has:.. been 
placed on said.bars. " 
The diMgiblewheel,mirror I,Oincludes. aoErame 
! 9. haing, a htb  , :the !attn,hg, a bore 
  (.Fig. 13). ,apped .in. the;.bore 
cap  2 .is a .double ba .bearg,  83 ,to..wch 
a sh.t . 84 exten, the .latter bsg.beld in said 
bearg, by. a pla: J.$S .o ,that t bear. 
agait a shoe J.6 formed on.said,shaft. 
10 yond the shonlder.  6 .he shfk ] 84. ,o£ pror 
 ameer. :to,. sglF-fit the. bore  . oî .the. slide 
,S and.is.helderein asby a set screw  g. 
Secud on .the. freine, .]S. by. clips, 19. are a 
central, mirror J 9  , and, wing..mrors= .192. and 
15  93, the wg, ors,being,incled.backwdly 
et 20% .relative. to .the.,central .xor J 9  e 
centraLmror 9  is. dposedAn a pne ,whch 
peenoEcular to .the axis of the. haft $..Pro 
ded on:e,frame  S. a.countbalnce eight 
2o  9..which lowers tha enr. 0f-:gravity: f..the 
mior, fSS so..that,ts always,.remas-upzight 
in çlb fashionregardless of the rtionf the 
shaft,,$ 84 o/wch the-ror is mounbed. -When 
th shaft .dsposed-horizonlly, /the ..miror 
25 $9 which-is perpendicar, toe short 
posed vertically, and £he--ng..-mrors f92--and 
,93 are so xelated .to the central mor 9 
they are at.,th te also .pod veical]y. " 
,-En,closingthe ï.rame  9 0f,therror  0 .is a 
30 housg  9 hav.g bracke.4.gs .,bywhi,ch.it 
seeured fo the rame. Thehog gs also Has 
a. front, openg-. 9 tough which thè; miors 
9, .2 and 93 are exposed to Fiew.,th open- 
ing being surounded and the ,rrors fred ,by 
35 a ,,bber. molng, 98,, which, is mod on ,the 
edge of the hog bordering sid open. 
The drive wheel mor  S  .Fs, , 14 .t5 and 
16)-cludes ashaft 28 hag «aRbre, tion marks 
20 cut there et.regret inégales ï6r a pdose 
40 to be.made Clear hereaf. " is mïrro also 
includes a .rame ,structe 2.2 .ch ,is prefer- 
ably-stped of lightsheet metal and çrodes 
spaced holes-2.3 through wch the-shaft 2- 
slideably extends and an apered, ernally- 
45 threaded ea-4 whch is adapted to receivè a 
thb screw2 S  ,permit the latter to be Screw 
against.th e shaft 2  , thereby locg the mior 
5.  any desed position on th shat. 
Moted-on the frame -22  a plane parallel 
50 with the short 2 is a ror-2,, ts beg 
suppod by clamps 2 provided on. the  fre 
22. Enclosing the frame-O2 and rror .6 
a housg 2# the latr having suible aper- 
turcs through wch the-shaft 2. and screw 
55 ex.nd,  It also bas an.pper peue 29 just 
beneath. Which a spit level 24  is mounted on 
the re.2O2. This level is çrod with suit« 
able ,caltbrations (see Fs. 14 and 26) for meas« 
urg the-inclination of theshaft 2 relative to 
60 hozontal. 
The hoing 20 also h a ndow opening 
22 Wch  fram,ed ,by a rubber mouldg :2 
motedon, the hoing edge adjacent tS opn- 
g. Secured fo the oubèr sfa,ce of the 
65 g ,28 ust beneath, the' Wdow openg- 2 2 
is  ,calibrad screen 2 $ havg vertical :cdli- 
bratio 2  S identffied by nbers 2- 6 dipoed 
along the ttpper edge of the screen.  " ' 
70 OpoEatio.n 
e apparatus shown  the drawg's and 
scribed hereabove is adapd o be employed 
the peoance 0f the method of the invention 
to check, the alent - Charactertics of : thL 7 front or dirig[ble wheels 220 and22O' .o an auto- 
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mobile 22! and, in the ame operation, check 
tle alignrnent characteristics of the drive or rear 
wheels 222 and 222' of said automobile. 
In ,preparation for perïorming this checking 
operation the automobile 22! is driven upwardly 
over the ramps 34 and 34' onto the tracks 
and 33' until the ïront or dirigible wheels 220 
and 220' rest on the turntbles 37 and 37' ïree 
from contact with the burnpors 33 and 33'. The 
front or dirigible .wheels 220 and 221]' now bave 
wheel mounts i52 and 152' applied thereto with 
rnirrors 150 and 150' carried on said rnounts as 
clearly shown in :Figs. 2, 10 and 11. 
Rear drive wheels 222 and 222' are also fltted 
with identical mounts 152 and 152', with the 
sockets of the latter supporting shafts 200 and 
200' and with the mirrors 15! and 1Si' mounted 
on said shafts so that the indicia 20! and 20 
indicates that these mirrors are equally spaced 
outwardly OErorn the planes of the outer edges of 
the rirns of the wheels 222 and 222'. By loosen- 
ing .thumb screws 295 and 205', the rnirrors 
and 15' are rotated into substantially vertical 
positions, the planes of the rnirrors 296 and 206' 
being of course perpendicular respectively fo the 
planes of the wh,eels 222 and 222'. 
The operator now snaps on the switch 66, illu- 
rninating the larnps in the optical unit 47. This 
causes the projector 67 fo project a chart onto 
the screen 79 and at the sarne tirne project bearns 
2 and 13 rearwardly. As shown in Figs. 3 
and 2ï, the prirnary rearward bearn ! ! 2 irnpines 
on the screen 2 4 oï the drive wheel rnirror 
fo forrn a cruciforrn beam image 223. The sec- 
ondary rearward beam 3 is inclined upwardly 
frorn the prirnary bearn 2 just enough fo irn- 
pinge upon the rnirror 296 so as fo be reflected 
thereïrorn onto the screen 79 fo forrn a cruci- 
ïorm bearn image 224 (Figs. 22 and 24). 
As before noted, the two vertical planes, one 
of which contains left-side rearward light beams 
12 and 3 and the other oï which contains 
the corresponding right-side rearward bearns 
 ! 2' and !  3', are parallel af all rimes by virtue 
of the rnounting and adjustrnent oï the optical 
units 47 and 47'. Correction fo rnaintain this 
parallelism is accomplished by adjustrnent of the 
screws 60 and 90' (see Fig. 8). It should also 
be noted that bearns 12 and 2' are parallel 
and beams 3 and !3' are parallel. 
For the apparatus 30 fo perïorrn the rnethod 
of the invention, if is preferable that each of 
the optical units 47 and 47' be located a certain 
predeterrnined distance laterally frorn the adja- 
cent dirigible wheel rnirror. This correct loca- 
tion of the optical units is accornplished sep- 
arately and in the same way for each of these 
units. 
In the case of unit 47, the latter is pushed 
or pulled rnanually, by grasping the handle 65, 
to slide the unit on ifs rails 49 and 59 toward 
or away fïorn the wheel rnirror 51}, until the 
unit is correctly located with respect to said rnir- 
ror. The operator is able to know that the unit 
7 is thus correctly located by observation of 
the relation between certain irnages projected by 
this unit onto the screen 70, as will now be ex- 
plained. 
When the larnps 76, 3 and 3! are energized, 
the projector 93 projects a beam 225 through the 
mask 2 which impinges against the rnirror 
(Figs. 5, li and 18). Fiorn this rnirror it is re- 
flected through the lens 27 which suitably re- 
fracts the rays of this bearn fo prevent their 
unduly spreading, the bearn continuing into con- 
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tact with the center mirror 19! so that the re- 
flection of this beam from mirror 19! returns 
outwardly against the rnirror 130 frorn which it 
is reflected onto the screen 70 fo forrn a cross 
5 hair irnage 226. 
The larnp 13! projects a beam oï light 227 
through a cruciforrn opening in the rnask 132 
against the rnirror J33 ïrorn which this bearn is 
reflected through the lens 135 against the central 
10 dirigible wheel rnirror 19! frorn which this bearn 
is reflected onto rnirror 128 and thence onto the 
screen 79 where it forrns a cruciforrn locator im- 
age 228. As rnay be noted frorn Figs. 6 and 18, 
the cross hair bearn 225 and the locator bearn 
15 227, just described, lie in the sarne horizontal 
plane as they travel on their way fo irnpinge- 
ment against the rnirror 191. The various ele- 
ments utilized in projecting these bearns are so 
related that the point in said plane af which 
."0 said bearns rneet, lies in the plane of the reflect- 
ing surface of the rnirror 19! when the optical 
unit 47 is properly located laterally frorn the 
rnirror J9! for perforrning an alignrnent check- 
ing operation. 
25 The rnirrors 128 and J$O by which the cross 
hair bearn 225 and locator bearn 227 are reflected 
onto the screen 70 are so angled that the optical 
unit 47 is thus properly related fo the rnirror 19! 
as shown in full lines in the diagrarn oï Fig. 
.0 the cross hair image 226 and the cruciforrn loca- 
for bearn image 228 are located on the screen 70 
in vertical alignrnent with each other. When 
the spacing between the optical unit 47 and the 
rnirror 19J is greater or less than the proper dis- 
35 tance, these two images are out oï vertical align- 
ment. This is indicated in Fig. 1/by the broken 
line paths of bearns 225 and 227 which occur 
when the spacing between the mirror 19! and 
the optical unit 47 is greater than the desired 
4O distance. 
It is thus clear that fo properly relate the unit 
47 fo its dirigible wheel rnirror 159, the opera- 
for rnerely shifts if along ifs slideway 9 until 
the images 226 and 22 on the screen 70 corne 
45 into vertical alignment. The proper spacing of 
the optical unit 47 from the rnirror 191 having 
been thus accornplished, the operator now re- 
peats this procedure on the right hand side of 
the automobile 221 fo correctly locate the opti- 
50 cal unit 47' relative fo the wheel rnirror 191'. 
The vertical parallel planes containing the 
left-side rearward bearns 112 and 113 and the 
right-side rearward bearns 112' and 113' are now 
equidistant laterally from the point 229 (Fig. 19) 
55 on the fore and aft axis 20 of the automobile 
where this axis intersects with the vertical plane 
passing through the centers of dirigible wheels 
220 and 220'. The rnethod oï the invention next 
conternplates a relative rotation about point 
60 in a horizontal plane between the automobile 22 I 
and the rearward bearns 112 and I1' until the 
fore and aft axis 239 of the automobile and these 
bearns are brought into parallelism. 
While the optical units 7 and 47' rnay be rnade 
65 adjustable fo bring about this parallelisrn, it is 
preferred fo accornplish this by shifting the rear 
end oï the automobile 21 fo one side or the other. 
The arnount, if any, which the fore and aït axis 
of the automobile is out of parallelisrn with the 
70 beams 112 and 112' is deterrnined by observing 
the location of the cruciform image 223 of bearn 
I 12 on the mirror screen 214 and the location of 
the image 223' of bearn 112' on the correspond- 
ing screen 14' on the right hand side oï the 
75 automobile î21. Where these images are hot Io- 
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cïted:in exactly the same lateral relation-to the 
indidia , of these two-screens,- the .rear end. of the 
automobfle-isshifted laterally until they are. 
To-prevent any error being introduced into 
the readings for the alignment characteristics of 
thefront wheels 220 and 220'.by one of these be- 
ing bent out of perpendicularity with its axis of 
rotation,.the front endof automobile 22! is now 
lifed by the jacks 40 and 40'. The wheels 220 
and 220' are then rotated and any wobble in - 
dicated by a circular movement of -cross hair im- 
ages 220 and 220' on the screens 70 and 70' is 
noted. These wheels are now halted with the 
images 226 and220' at points, disposed hall way 
betWëen upper and lower extremes of their cir- 
cUlar Paths and lowered onto turntables 37 and 
37'. These circular paths wilI hereafter be re- 
frred t0. as "w0bble circles." While not neces- 
sary to secure accurate results the front wheels 
220 -ald 220 are, for the sake of Uniformity, pef- 
eràbly always halted with  the images 22 and 
22' in the. saine direction from the centers of 
said wobble circles. 
The apparatus 30 has now been completely ad 
justed and the automobile 221 andthe apparatus 
broutit into a proper relationship for commenc- 
ing to check the alignmentcharacteristics of the 
front or, dirigible wheels 220 and 220 and also 
those ofthe rear or drive wheels 222 and. 222L 
Tle checking of these two pairs of wheels may 
e done in any order desired, that is, the front 
wheels may be checked, first and then the rear 
wheels, or the rear wheels may be checked first 
and after that the front wheels.. 
The steps involved in the checking of the align- 
ment characteristics of the front wheels from this 
point on, in. performing, the process of this inven- 
tion are identical with the corresponding steps 
emp]oyed for checking the alignmen character- 
istics of- dirigible vehicle wheels disclosed in the 
aforesaid copending joint, application. A brief 
description of this follows: 
Checing dirgOe whees 
With the apparatus set as above described, the 
alin_ment characteristics of the dirible wheels 
ar preferbly checke4 in the fo110wing ortier: 
camber, toc-in, toc-out, steering geometry; and 
casier. The first three of these characteristics 
are clecked by camber chats 4 and 240 pro- 
jecied: on the screens 7.{}. and 70', and. the chart 
2,G being illustrated in Fg. 28. The projection 
of the chart 20 on the sereen 70 by the optica] 
uni : is accomplished by rotating the knurled 
heg.d: S (see Figs. 5 and 6) so as fo lower the slde 
| to its !owermost positión in the s!ideway 0 
Unti.l this will bring the camber chart film $9 into 
hé' prëjction path of the. projector  and cause 
cha,r 2'[ fo be p.rojected  in it proper position 
on the'Screen . This.Position is such that where 
there is- ä zero amount of camber in the dirigible 
Whee! 2, and with the latter turned straight 
ahéad, the cross hair image 22 will fall on the 
ho,Jizonts;l zero line of chart 240. Any positive 
or ngative camber in the wheel 220 however will 
be correct!y indicated in degrees by the appear- 
ance of the cross hair image 22 bel.ow or above 
the zero ]ne of the chart 240. The position of 
he cross hair imae 22 on the chart 40 in Fig. 
28 indicates that the wheel 220 bas a positive 
cainber of 1 °. 
In a simi]ar mnnr, the actual camber of dir- 
iie wheel 20  is indicated by the position of 
the cross hair image 22  on the camber chart 
2  which is projected on the screen 70 . 
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Before checking toe-in or toe-out of,the wheels 
220 and 220' these are again raised by jack 
and 0' and rotated. These wheels are then 
ered with the cross hair beam images 220ïand 
5 22' at points half ,way between the horizontal- 
extremes of their respective wobble circles. 
To check-toe-in or toe-out:of the wheels 220 
and 220', these are now turned by.the steering 
mechanism of the automobile 22| so that,the 
10 cross hair image 220 . falls on the vertical zero 
line in the toe-in section of the camber chart 
249 . Byreference now to the camber chart 240 
as shown in  Fig. 28, the toe-in or toe-out charac- 
teristic o£:the wheels 220, and 220' may be read 
15 by the-location of the cross hairimage 226on the 
chart.240. In this view, an actual toc-in of,one- 
quarter oîan inch is correctly indicated. 
To check the steering geometz W of the wheels 
220 and 220', the operator merely rotates the 
.0 steering wheelto turn the wheels 220 and.220' 
abouttheir king.pins so that the cross hair image 
oï the-.wheel on the outside of the turn.rests on 
thevertical 20 ° line of t he.caster chart of' that 
wheel. The operator is then able to read theac- 
5 tual angle at which the wheel-on the inside of the 
turn is turned about its king pin, by the position 
of the cross hair image on the castor chart if,sid 
inside wheel. 
By virtue of the small size of the.cambe-chart 
3o 2a0, it is hOt necessary to occupy the entir area 
of the screen 70 by this chart, and the-ftlm 89 
thus. provides an area 243 on which, advetising 
material or instructions may be placed and which 
will be projected on the screen 70. alongside the 
35 chart 240. 
The-apparatus 30 and automobile 22| are at 
this rime also properly arranged for checking 
the casier of front wheels 220 and 220'. The 
caster of the wheel 220 is checked entirelyin- 
,i0 dependently from the caster of the wheel 220'. 
As these two operations are identical, a descrip- 
tion of one will suffice for both. To check caster 
on the wheel 220, the knurled head 8 is rotated 
to elevate the slide 8| to bring the caster char 
film 9| into the projection path of the projector 
45 67. This will cause the projector 67 to. project 
onto the screen 70 a castor chart 24| as shown 
in Fig. 29. The wheel 220 is now angled to turn 
this to the left until the cross hair imag 226 
is located on the vertical 20 ° line of this chart. 
50 
This indicates that the plane of wheel. 220 is 
turned outward exactly 20 ° from straight ahead 
and the mirror |92 is now automatically sub- 
stituted in place of the mirror |9| of the wheël 
55 mirror |50 for intercepting and reflecting the 
beams 225 and 227 which form the cross hair 
image 228 and locator image 22. With the cross 
hair image 22 thus located with reference to 
the caster chart 24|, the knurled hea4 85 is ro- 
6O tated to adjust the caster chart film 9| vertical- 
ly to cause the cross hair image 226 to fall on 
the horizontal zero line of this chart as show-n in 
Fig. 29. 
The wheel 220 is now angled inwardly until 
65 the cross hair image 226 leaves the field of the 
chart 24|, reappears to cross this chart again 
and disappear, and then again reappears on 
the char and cornes into alignment with the 
20 ° vertical reference line of chart 24| as shown 
7O in Fig. 30. The position oï the cross hair image 
22 on this line wfll now indicate the caster 
of the wheel 220 in positive or negative degrees. 
The caster as indicated in Fig. 30 is positive 4 ° 
and 30'. 
75 The caster of the wheel 220 » is now checked 



11 
in the same manner by the right hand apparatus 
section 3 ! '. 
:, Checking drive whees 
With the automobile 22 positioned on the 
paratus 30 as shown in Fig. 2 and with the wheel 
mirrors applied and the optical units 47 and 47' 
properly located relative fo the ïront wheel mir- 
rors 50 and 55', the method oï this invention 
is adapted fo be employed as £ollows in check- 
ing the a!ignment characteristics o£ the res, r 
drive wheels 222 and 222'. 
The first steps in checking the alignment oï 
the rear wheels are oï course the projecting 
the beams  2 and  3 in parallel relation with 
the beams 2' and 3' respectively (and ex- 
tending alongside the automobile 22) and locat- 
ing the light units 47 and 47' so that these are 
equidistant lateFally ïrom point 220 in the £ore 
and a£t axis 230 oï automobile 22 (Fig. 19) 
where this axis intersects a vertical plane passing 
through the centers oï the wheels 220 and 
and then causing a relative rotative movement 
between the beams and the automobile in  hori- 
zontal plane about said point fo bring the verti- 
cal plane oï the beams 2 and 3 and the 
vertical plane o£ the beams 2' and 3' into 
parallelism with said automobile axis and equi- 
distant latera!ly there£rom. The manner o£ 
complishing these steps bas already been de- 
scribed. 
It is necessary now fo shift the craft film slides 
8 and 8' of the projectors 47 and 47' to bring 
the drive wheel chart films 98 and 98' into the 
projection paths of said units so as fo project 
drive wheel checking charts 245 and 245' re- 
spectively onto the screens 70 and 75'. As 
ready noted, the light beams  and 3' im- 
pinge upon the mirror elements 256 and 285' 
of the drive wheel mirrors  5 and 5 ' and are 
reflected therefrom onto the screens 78 and 75' 
so as fo project cruciform beam images 2-4 and 
224'. By rotational adjustment of the mirrors 
5 and 51' on their respective shafts 200 and 
208', the beam images 224 and 224' are now 
brought onto the charts 245 and 245' in selected 
vertical positions thereon, which, according fo 
the indicia 248 appearing alongside each of 
these charts, correspond with the wheel base of 
the automobile 221. As noted in Figs. 20, 22 
and 24, the divisions representing a given amount 
of toe-out or toe-in on the horizontal lines on 
charts 245 and 25' progressively increase from 
the upper fo the lower limits of these charts. 
The divisions on each of these horizontal lines 
are suitable for measurement of the amounts of 
toe-out or toe-in numerically indicated at the 
upper edge of these charts for a wheel base of 
a given ]ength. As the wheel base increases in 
length, it requires a larger horizontal distance 
on the chart to indicate a given amount of toe- 
out or toe-in in a rear wheel of the automobile 
being tested. Each of the indicia 24 indicates 
a wheel base of a certain lengh and is disposed 
opposite the horizontal lines of the charts 245 
245' upon which the images 22--22g' should be 
projected in order to give a correct reading of 
toe-out or toe-in for a car having that wheel 
base. 
For instance, as the wheel base of the auto- 
mobile 221 is approximate]y 118 inches, the op- 
erator projects the images 224 and 224' onto 
the charts 245 and 245' just above the horizontal 
lines on these charts which, according fo the 
indicia 248, correspond fo a wheel base of 120 
inches. This is necessary for the readings on 
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the charts 245 and 245' fo be correct because 
the longer the wheel base of the automobile be- 
ing tested, the greater the distance the mirrors 
1Si and !51' are located rearwardly from the 
5 screens 0 and ' and îrom the optical units 
4 and 4' and thus the greater the distance 
which the beam images 22 and 22' will fall fo 
one side or the other of the vertical zero lines of 
these charts for a given degree of deflection from 
10 rue alignment of the drive wheels 222 and 222'. 
The next step in checking the alignment of 
the drive wheels is to successively jack up the 
rear corners of the automobile 221 and make 
correction of the positions of the beam images 
15 224 and 224' which are necessary to eliminate 
lateral deflections due fo one or both of the drive 
wheels being bent so that the plane of the wheel 
is out of perpendicularity fo the ayAs of the 
wheers rotation. For the wheel 222, this is done 
20 by jacking up the left rear corner of the auto- 
mobi]e 22, loosening the screw 205 of the mirror 
5 and while holding this mirror so as fo keep 
the beam image 22 on the chart 245, rotating 
the wheel 222 a full revolution and noting the 
25 extremes of movement of the image 224 on the 
chart 24 to the left and to the right. The wheel 
222 is then stopped af a position in which the 
image 22 is af the midpoint between said ex- 
tremes. The left rear corner of the automobile 
30 22 is now lowered so that the wheel 222 wfll 
again rest on the wheel track 33. The position 
of the beam image 224 on the chart 245 will now 
correspond to the what if would be if the wheel 
222 were not bent but, instead, were perpendic- 
5 ular to ifs axis of rotation. 
The saine thing as just described is now done 
wih the right drive wheel 222' while the right 
rear corner of the automobile 21 is temporarily 
elevated. 
40 When the foregoing steps bave been completed, 
it is possible fo determine the alignment char- 
acteristics of the axes of rotation of the rear 
drive wheels 222 and 222' by reading the posi- 
tions of the beam images 22 and 224' on the 
charts 24 and 245' and by reading the spirit 
45 levels 2 ! 0 and 2  0'. 
Figs. 19 and 20 diagrammatically illustrate 
positions of the beam images 224 and 224' on 
the charts 245 and 245' which show the axes of 
rotation of the wheels 222 and 222' fo lie in a 
5o vertical plane which is perpendicular to the fore 
and art axis 23f} of the automobile 22. Assum- 
ing that there is no vertical or horizontal dis- 
tortion of the rear axle housing 258, and that 
the wheels 22 and 222' thus rotate coaxially, 
55 the check fllustrated in Figs. 19 and 20 indicates 
perfect alignment of the wheels 222 and 222'. 
The checking of these wheels fo see whether 
these are bent out of perpendicularity with their 
respective axis of rotation may bave indicated 
; one or both wheels so affected. Nevertheless, in 
the absence of a rear axle housing defect, the 
appearance of the images 224 and 224' on the 
central vertical zero lines of the charts 245 and 
25' indicates thatwhen any bent condition is 
5 eliminated from the wheels 222 and 222', these 
will have true coaxial rotation in parallel planes 
about an axis which is af right angles to the 
fore and art axis 238 of the automobile 22. 
Figs. 21 and 22 fllustrate a check on the drive 
70 wheels 222 and 222' in which the beam images 
224 and 22' both fall to one side of the central 
vertical zero lines of the charts 245 and 245'. 
This discloses that the entire rear axle unit 
embracing the housing 259 and the drive wheels 
75 mounted thereon has rotated about a vertical 
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aXis:-so -thatthe-vheel. 222ïds shife £orwardlF 
relative fo, ,the .frame of .,the. automobile;.and 
wheel .222.. has shifted rear.wardly :relative ..te 
said frame .... Thus, ,while the..-wheels 222.and 
222/ may stili;otate.coaxiallyon the housing 5 
250, the axis ofitheir rotation is not.perpendiculàr. 
to vthe fore and .aft.axis 230 of. the .automobile 
221,but as shown,in Fig. 21 nd indicated.on .the. 
char.ts in Fig.«. 22,ds.. turned ,t0ward. the. right.. 
That:is, he left. drie, wheel 222 toesin and..the 10 
right .drive w.heel.222' toes.outaCoriesponding 
amount.;.. The, actual distance-of deflection of 
thes .wheels..relativ .fo the frame o the,aut0 
mobile ia,measured on the charts 25 and 
by the ïindicia appearing.aleng .the. upper ..edges 15 
of these charts, ..Thus. in.Fig. 22, .tle vhe.el 222 
is shon a bèing shifted One-eighth. of: an inch 
ïorwardl: from ifs .true:position on :the frame 
of, the autemobil.e, and. the vheel, 222' is- 
sis. being shiftd 0nereighçh of an inch rearwardlF, 20 
from ifs true position on the frame..Figs:.23. 
and -24. iHustrate a, check_of- the dri»:e heel 
222,.a. d. 22' in..which a.: distorted.heusing 259 
is.Jndicated, ..the. d.istortion .beng. i,n a horj.zonta] 
plan.so that. both .of these wheels toe.out.. 
. ligs, 25 and 26jllustrate the manner i. hïCh 
a..dito:ion of .the housing 2 in, a .»:er£icat plane 
may .be.:.detcted by readings..o. the-spiri - 1.evel 
2 { 0 and 2 .0'..af ter çhe appaatus $ 9..h b¢n set 
up. in proper, rç!atipn to the..automqbi!¢ 2 . and. 
com:econ ,ruade for either, o,.the-whels: 222 
a«2:':, being beç. as aforead.  :e. leyels 2 
 2. 0; :. have ::suitable .calibrto - by .hiCh 
çbç. deflecton in . vrtica plane pf hç. axes o 
rpçtin .:0f the drive .wheels from true-coaxiat 
aligment.ay:bç read.  .., . :. .. ..... ... 
..:.An 0uttanding .advançge of the preset 
venon.s thÇt.the çelatienship.of çhe crçss hair 
image and the locator beÇm:mge,.,WhCh 
ctes he. çorrect spacing between :.the optcal 
utïproduçing- thee image .and: he.. adjÇcnt 
di.gile .w, hee mrrm': .is. qt.. dÇ0te :by. 
çs:veî cmber  in.. the« irig.ible .FeçJ pn hC h 
sai.O: mrror is motcd as. happe -i crtain 
pçÇvoEqS otiàl' wheel, gligners, .-such that. . 
sÇi: dirgbe: whç¢.:.i beipg: :tested.-fo r. 
is.. f<eedom., i brp.ght.0ut by .:prçjecing.be, 
cs ;hair ba m :.apd .19ctor beam in te 
plane cas. fihe,,approach the wheel, mirror.,so 
tileveL :EkeSs:iv damber :thfb'é, 'çi:. the 
diiglblë.wheeï 2ï  for isfidch, 
dùce. anY..sdbstahii chàg i.h. t5ë rëspe¢tive 
lengths of thë pafihs traveied 
and 27, .on their wa to,.the.scree]0,.when 
the. Wheel..20 .s  being  chgckd .for .cster 
zonal plane, .o that these bems, meet, af &,pot 
loted ih the P!anë of the mrof 19]. 
ut 4..has been m0ved int0 th./prpper,spced. 
relation with  the mirror:, bas the effect' .of. 
Çd °P.eçaiçn of .the. appÇr'as 3,q, nd pits 
dirigibi e whees..of::a laçç variety, of. diameters 
to be .chced with a,el miçqç .s¢h.a the 
wheel mirçor 5, in whiph therefiectg mirrors 
are .re]atively Çm!l ' in area .... . . 
Whereas p scats .ha'e béen', shown fr .Ue 
inaing an çxacç re.Çding of the angle. hc. 
the pan e f a bon:t, whel bas with qpect 0 70 
its ais; either in. the dirigble whels or in th.e 
drive wheeis of a àutbç0bflè,. thçsedngles, are 
redflil  déterinabièfrom /ç he fliameter ,of 
Wble circle.prdud' b a diriible Wbëel, 
by the digance bëtween 0ppssite eemes" of- 

14 
moveme/t of. a rearward beam image, SuCh as 
theimage 224, when the drive wheel producing 
this: image is rotated. 
A:reading of said angle in adrie wheel may 
also bè ruade by obsèrving the extremes of move- 
ment of the bubble in a spirit level (such as the 
level 2 8). of the drive wheel mi#ror mountèd on 
thiSwheel,, while the latter is befng  rotated fo 
see.whether or not it is bent. 
.From the disclosure embracing the acom= 
panying drawings and the above description, 
is:believed clear thaf the present invention pro- 
vides a noveï and :extremely efficient niethod and 
app'aratus by which the alignment, chracter- 
istics of all four wheels of an automotive vehicIe 
ma/be redily checled and that this may be ac- 
cbmplished in a relatively short rime. It is also 
believed evidentthat the signiflcar/ce of the test 
wil], be manïfest to an/unskilled observer so that 
thè average car owner will be assured of the co- 
rectness of the diagnosis of the alignment char- 
acferistics of his: automobile befbre, work is 
sfïtrted on it .and be likewise assured by are- 
checkafter the work is completed that the er- 
rors. in alignment discovered by the first check 
bave been correced. 
-Whèreas thé invention: as disclosed herein is 
especially adapted for checking the alignment 
chàracteristics of two front dirigible wheèls of a 
vehicle and two, rear, non-dirigible, drive wheels 
of said vehicle it:is to be understood that .in' 
broader applications,, th invention is ]sy no 
means restriced in use fo thee specïflc opera- 
tions. 
It is to be further understood tha£ while 
front wheels of an automoive vehicle are ordïnarl- 
ly. dirigible and the rear wheeli non-dirigible .and 
emp]oyed, to drive the vehicle, the .rear wheels 
might be. ruade dirigible and the front wheels 
employed to drive the vehicle and even.be ruade 
non-dirigible, but the.invention is readily adapt, 
ab!e. te. checking the .alignment .characteristics 
off such .wheels b/ app]ication of the principles 
disclosed hëein. 
,It is.-therefore te be Understood, Where refer- 
ënce 'is ruade.in the claires .fo checking opera 
tion;performed on rear wheels or drive wheels, 
these terres are tobe broadly construed as cover. 
ing any non-dirigible supporçing wheels .of _the 
vehicle .whether idle or.driven and no marrer 
where these may be placed alöng thesides of the 
vehicle. . , . . .. 
.¥hereas the most sensitive action :in the op, 
psite horizontal shifting Of images 22 and 228 
is:secured by beams225  and 227 being projected 
fo];Wardy and irwardly, and rearwardly and in- 
wadly, respecti-ely against mirror 9, it is fo 
bë undérstod.that a less snsitive and there- 
f.oçe, les desirable acçion may be produced by 
directing b0th of said beams forwardly and 
wardly o reamvardly gnd inwardly, again§t sid 
irrr albng converging pths anal  fiï the sdme 
plane 
. I' gl  Shodld' bé. pbintel  ot th While 
i .preierabl .t0 brng the light beams  J'2 and 
]2' into taraiielism with eachSth ang:with 
the. vehiCiê ais ' , 23" .ád' udîstant fr0fii:e  ttie 
lte r, man; bnefit of thê invention..ay:, be 
r.ëalîzed witht Conforming to all these con- 
disions. 
. For .inStance, .i is jmPortanç .thai bërñ 
a, nd  2( be sçbstantiall] p:arllel with each othcr 
that they. dol not diverge, too much fr0m 
iralleism with the horizontal plane' Of thè 
230, and that these Jeams. trael ifi: pralieï 
vertïá' pal;les. Variohs läteral le'-geërts 
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of value maF be ruade bF the use of said beams 
under these conditions even though the vertical 
planes aforesaid are not spaced equidistant 
laterally from vehicle axis 230, so long as allow- 
ance be ruade for different lateral spacing of 
said planes. 
Itis likewise important that the light beams 
|3 and ||3' be substantially parallel and lie in 
the same parallel vertical planes in which beams 
| |2 and  |2' travel. They preferabl corne from 10 
the saine respective sources and thus diverge 
upwardly at slight angles from beams ||2 and 
||2'. Nevertheless beams ||3 and |3' could 
accurately perform their functions of indicating 
the toc-in and toc-out of the rear vehicle wheels 15 
22 and 2' even though the parallel vertical 
planes containing said beams are not equally 
spaced laterall from vehicle axis 
In the preferred embodiment of the invention 
above described, the projection base is mounted .0 
for rectilinear movement towards or away from 
the wheel mirror along a path which is parallel 
with a line passing through the centers of the 
dirigible' wheels when the latter are turned 
straight ahead. To simplif the definition of 
this line in the claims, it will be assumed with- 
out mention being ruade thereof, that the wheels 
are turned straight ahead when their centers 
determine this line. It should also be noted 
that while the direction of movement of the pro- 0 
jection base is preferabl parallel with said line, 
deviation from parallelism is possible so long as 
said direction bas a fixed orientation relative to 
said line. 
What I claim is: 
1. In an apparatus for measuring alignment 
characteristics of the wheels of a vehicle, the 
combination of: means supported independent- 
iy of said vehicle for projecting a pair of 
proximately horizontal parallel light beams in 
parallel vertical planes; means for adjusting the 
spacing of said beam producing means from thc 
front wheels of said vehicle to locate said vertical 
planes of said beams laterally equidistant from 
said front wheels; means for measuring the spac- '45 
ing of said beams from the rear wheels of said 
vehicle to indicate precisely what adjustment is 
needed between the rear end of said vehicle and 
said beams to bring the fore-and-aft axis of said 
vehicle and said planes into parallelism; a pair of 50 
rear wheel mirrors; means for mounting one of 
said mirrors on each of the rear wheels of said ve- 
hicle with said mirror substantially vertical and 
perpendicular fo the plane of said rear wheel and 
with said mirror in position to intercept the light 55 
beam on that side of said vehicle; and screen 
means positioned fo receive images produced by 
the reflections of said beams from said mirrors 
to facilitate the checking of alignment character- 
istics of said rear wheels. 60 
2. A method of checking the angles between 
the fore-and-art axis of an automotive vehicle 
and the rotational axes of the rear wheels there- 
of, which comprises: projecting a pair of beams 
of light along opposite sides of said vehicle and 
independently thereof in parallel vertical planes, 
applying a plane mirror to each of said rear 
wheels to be supported thereon with the refiective 
face of said mirror perpendicular to the plane of 
said wheel and intercepting the aforesaid light ïo 
beam on that side of said vehicle, centralizing 
said vehicle between said beams and with iris." 
force-and-art axis parallel with said planes, dis- 
posing screens to intercept refiections of said 
beams from said wheel mirrors a given distance ï5 

from the latter, and providing calibrations on 
said screens which afford correct readings of the 
angles first aforestated in the positions of said 
beam images relative fo said calibrations. 
3. A method as defined in claim 2 and ap- 
plicable to vehicles varying in length of wheel 
base, said method including the provision of a 
series of calibrations at different levels on said 
screens, those at each level being for a vehicle 
of a different particular wheel base, and tilting 
said wheel mirrors about axes perpendicular to 
said vheels to superpose the screen images of said 
light beams on the particular calibrations pro- 
vided on said screens for measuring the afore- 
said angles on a vehicle having the particular 
wheelbase of the vehicle being tested. 
4. A method of checking the angle between the 
fore and art axis of an automotive vehicle and 
the rotational axis of a rear wheel thereof vhich 
comprises: projecting a beam of light alongside 
said vehicle and independent thereof on the 
saine side as said wheel and in a vertical plane 
which is parallel with said vehicle axis, applying 
a plane mirror to said rear wheel to be pivotally 
supported thereon on an axis approximately but 
not exactly parallel with the rotational axis of 
said wheel, and with said mirror intercepting the 
aforesaid light beam, disposing a screen to inter- 
cept the refiection of said beam from said mirror 
a given distance from the latter, rotating said 
wheel at equal rates relative to said vehicle and 
said mirror, said rotation causing the image on 
said screen of said reflected beam to shift back 
and forth horizontally, halting said wheel with 
said image equidistant from its extreme positions, 
and providing calibrations on said screen which 
afford a reading of the aforesaid angle in the 
relation of said beam image, in ifs adjusted posi- 
tion, to said calibrations. 
5. A method of checking the angles between 
the fore and aft axis of an automotive vehicle 
and the rotational axes of the rear wheels there- 
of including the steps of: projecting a pair of 
beams of light along opposite sides of said vehicle, 
and independently thereof, in parallel vertical 
planes spaced equal distances from the front 
wheels of said vehicle, placing vertically cali- 
brated members against corresponding portions 
of said rear vheels substantially perpendicular 
to said wheels, and intercepting said light beams, 
to indicate the comparative spacing of said planes 
from said rear wheels, and shifting the rear end 
of said vehicle until the points on vhich said 
members intercept said beams are spaced equally 
from said rear wheels. 
6. A method of checking the angles between 
the fore-and-art axis of an automotive vehicle 
and the rotational axes of the rear wheels there- 
of including the steps of: projecting a toair of 
beams of light along opposite sides of said ve- 
hicle, and independently thereof, in parallel ver- 
tical planes spaced equal distances from the front 
wheels of said vehicle, placing vertically cali- 
brated members against corresponding portions 
of said rear wheels substantialiy perpendicular fo 
said wheels and intercepting said light beams to 
indicate the comparative spacing of said tolanes 
from said rear wheels, shifting the rear end of 
said vehicle until the points on which said mem- 
bers intercept said beams are spaced equally from 
said rear wheels, disposing mirrors substantially 
vertically and perpendicular with said rear wheels 
and in the paths of said beams, disposing screens 
to intercept the refiections of said beams from 
said mirrors, and vertically calibrating said 
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screens with reference fo said planes whereby the 
locations on said screens of the images of said 
reflected beams indicates the angles of the axes 
of rotation of said rear wheels relative fo the 
fore-and-art axis of said Yehicle. 
7. A combination as in claim 6 having the 
ditional steps of pivotally relating each of said 
rear wheel mirrors to the rear wheel with which 
it is associated as aforesaid, this being on an axis 
which is approximately but hot exactly parallel 
with the axis of rotation of said wheel, rotating 
said wheel the same amount and at the same rate 
with reference to said vehicle and fo said mirror, 
non-parallelism of said mh'ror axis with said 
wheel axis being manifested in horizontal move- 
ment back and forth of the image of the beam 
reflected from said mirror on the screen inter- 
cepting said reflected beam, and halting said 
wheel with said image half way between the 
tremities of its horizontal movement aforesaid 
thereby eliminating the error in the reading 
aforesaid of the angle between the axis of rota- 
tion of said wheel and the ïore and art axiz of 
said vehicle. 
8. An apparatus for measuring the angles 
tween the axes of rotation of the rear wheels of 
an automotive vehicle and the fore-and-aft axis 
of the latter, which comprises: a pair of bases 
mounted independently of and disposed laterally 
from the front wheels of said vehicle, vhen in 
use; means for varying the spaced relation 
tween said front vheels and said bases; a pair 
of light projectors on said bases for projecting a 
pair of light beams rearwardly from said projec- 
tors in a pair of vertical parallel planes; a lens 
for splitting each of said beams to cause the 
beam fractions formed from said beam to lie in 
the same vertical plane as said beam; mounts aP- 
plied to said rear wheels, when in use, the mount 
for each wheel having a calibrated member and 
a plane mirror both being thereby perpendicu- 
larly related fo said rear wheel and disposed to 
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intercept respectively the two fractions of the 
split light beam on that side of said vehicle, the 
location af which one of said fractions impinges 
upon said member measuring the distance said 
5 plane on said side is spaced from the rear wheel 
on that side; screens equidistant from said rear 
wheel mirrors and intercepting the beam frac- 
tions reflected from said mirrors; and means for 
calibrating said screens whereby the locations at 
le which the reflected fractions aforesaid impinge 
on said screens provide readings of the angles 
between the fore and aft axis of said vehicle 
and the axes of rotation of said rear wheels. 
9. A combination as in claim 8 in which said 
5 screen calibrating means is embodied in the light 
projectors and operates to project charts onto 
said screens. 
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